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Abstract
Cityscapes in the United States are often viewed dichotomously in regards to natural
environments. Preserved sites can be seen as an obstacle to urban development, and the concept
of a functioning ecosystem within city limits is fictitious to many; we assume the two cannot
coexist. Lynchburg, Virginia’s College Lake offers a unique case study for how urban
ecosystems can not only subsist within cities but provide pivotal functions for them as well. With
the potential for a dam-breaching storm event increasing in possibility with each passing year,
concerns regarding the structural integrity of the College Lake dam in Lynchburg, Virginia have
arisen. Such concerns have led the Virginia Department of Conservation and Recreation to
demand action in abating dam breach risk. In response, the City of Lynchburg is considering
reinforcement or removal of the dam in order to mitigate these risks for the numerous properties
downstream of College Lake. Since its formation following the installation of the Depression-era
dam, however, College Lake has developed into an integral part of the Blackwater Creek
ecosystem. Decisions regarding the management of this ecosystem are critical in that they
determine the City of Lynchburg’s ability to fund infrastructural changes to the dam and to ease
the precedent flood concerns that initially gave rise to this issue. In order to effectively inform
management policies for College Lake, extensive literature review from ecological and
socioeconomic perspectives was conducted. In conjunction with economic models and costbenefit analyses, the study found that a significant portion of the costs associated with dam
removal and watershed management are mitigated by the social benefits that a well-managed
urban ecosystem provides. This research highlights the necessity of such strategies in the
management of not only the greater College Lake ecosystem but other urban environments
across the United States as well.
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Introduction
Less than a century ago, College Lake did not exist. Before its centennial can be
landmarked, the lake may very well disappear again. As part of a Great Depression Era highway
expansion project, then-U.S. Route 460 was to be bridged over Blackwater Creek in 1933; now
recognized as Route 221 Lakeside Drive, the decision was made to construct this highway along
an earthen dam (Lynchburg College, 1973). Once this new impoundment had been filled, the
infant College Lake occupied approximately forty acres of land (Lynchburg College, 1973).
Once a site for social gatherings and outdoor recreation, the lake has been subject to sediment
runoff accumulation, greatly impairing its water quality and diminishing its depth. A Lynchburg
College study of College Lake suggests that such a notable accumulation is the result of rapid
commercial development within the watershed (Newman, Perault, & Shahady, 2006). Though
runoff deposition varies across the bed of College Lake, the average depth decreased by just
under a meter between the years of 1971 and 2002 (Newman et al., 2006). The impacts of such
sediment loading are blatantly visible. As recently as 2014, the surface area of the College Lake
had diminished to a size of only nineteen acres – less than half of the lake’s original expanse.
(Talian, 2014). Such dramatic changes within only a few decades have altered not only the
community’s perception of and relationship with the lake but the critical socioeconomic services
provided by its hydrological features as well.
One particular concern regarding the diminished size and depth of College Lake is its
capacity for storing water. As Newman et al. (2006) illustrate in their mapping and assessment of
College Lake, the storage capacity of the lake has decreased an estimated total of 169,000 m3
from approximately 265,000 m3 to 96,000 m3 over the same time frame of 1971 to 2002. In
tandem with this diminished hydrological capacity, the ratio of watershed acreage to reservoir
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area for College Lake has increased greatly since its formation due to sediment accumulation;
between the years 1943 and 2002, this ratio has more than doubled from 29:1 to 68:1 (Newman
et al., 2006). With a greater imbalance between watershed acreage and reservoir size, the dam
faces greater pressure from watershed runoff during storms. The ability of College Lake to
mitigate downstream flooding ultimately relies on its storage capacity for storm surges and
runoff. A technical memorandum from Black & Veatch Corporation details methods for
assessing the College Lake dam’s capacity for withstanding certain storm systems under
scenarios of probable maximum precipitation. Given that the dam’s maximum discharge
potential is 8,100 cubic feet per second (cfs), a storm that produces at least 5.5 inches of
precipitation over the span of 24 hours could breach the dam; such a storm would exert 10,525
cfs of discharge (Black & Veatch, 2017). A storm event such as this has a 5.5% probability of
occurring annually and is classified as 25 year storm. In spite of these pressing risks regarding
dam inundation, however, few actions had been taken by the City of Lynchburg prior to the
intervention of Virginia state regulatory agencies.
The aforementioned state interventions have been primarily driven by the Virginia
Department of Conservation and Recreation. According to the dam safety regulations outlined in
the Virginia Administrative Code, a dam such as the College Lake dam is considered to be of
“high hazard”; for dams such as these, the spillway should be capable of safely passing 90% of
the stormwater in a probable maximum precipitation – PMP – scenario (4VAC § 50-20-50, 1989
& Supp. 2016). College Lake dam fails by a great measure in its spillway capacity requirements.
Rather than the minimally-required 90% capacity, the dam is only capable of passing about 10%
of a PMP event (URS Corporation, 2015). Although the City has been able to acquire extensions
on the two-year deadline that it was originally granted, the conditions that have evoked this issue

3
are still prevalent and are likely to only worsen in time. The City of Lynchburg is now in a
position of compulsory action, with the need for dam inundation risk abatement driven from both
a hydrological and legal standpoint.
The two primary management options that are currently being considered by the City of
Lynchburg are between dam rearmament and decommission. The appeal of the former stems
from a desire to remedy flood risks apparent with the possibility of a dam breach without
drastically altering the existing College Lake and Lakeside Drive; for the latter, minimizing the
risks of dam inundation supersedes the fundamental changes in the area’s hydrology that will
occur as a result. The purpose of this study is to provide an encompassing, multidisciplinary
analysis of the costs and benefits associated with each potential management option pursued by
the city. The first section of this study will address the principle issue of dam inundation and
explore the socioeconomic benefits of each option. Additional management options regarding
College Lake or its successor will be considered and analyzed from an ecosystem services
perspective. Once identified, these ecosystem services will be assigned a monetary value that is
derived from extensive literature review and economic modeling. Once a complete monetary
value is ascribed to College Lake, the environmental costs of lost or gained ecosystem services
associated with each management plan proposed by the City of Lynchburg will be included in
the private costs of each plan. In addition to economic analysis, the potential legal and ecological
implications of each plan will be discussed as well. Finally, a series of management
recommendations will be given with the intention of maximizing social benefits from ecosystem
services through the most economically feasible means.
These recommendations are intended for two primary audiences that are involved in the
management of College Lake and the dam. Although the College Lake Dam Project falls within
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the jurisdiction of the City of Lynchburg, the target audience of this study includes Lynchburg
College. As the private owner of College Lake and several acres of its watershed, Lynchburg
College is in a unique position to work closely with the City of Lynchburg and influence the
future of College Lake through a public-private partnership – an arrangement that the city has
utilized previously with other local, private entities. It may benefit the College as well to assume
a direct role in the management of this project, through avenues such as educational
opportunities for both enrolled students and community members. Allowing the City of
Lynchburg to approach the College Lake Dam Project without participation from Lynchburg
College is not only a potential loss of the aforementioned private and social benefits but
ultimately a choice that is inherently incongruent with the institution’s core value of
sustainability. An ethical stance such as this must be taken seriously when considering the more
tangible benefits outlined in this study.
Determining the Socioeconomic Impacts of Dam Failure
Although dams are quite effective at withholding a significant volume of water from
downstream flows during storm events when functional, the aforementioned structural integrity
of the College Lake dam poses serious risks to several Lynchburg City properties. Means of
quantifying these risks and the value of their mitigation have been explored by the United States
Army Corps of Engineers (ACOE) in the past. An ACOE study of the nearby city of Roanoke,
Virginia attempted to create a consistent measure of flood mitigation value through three
different approaches: Property Damage Avoided (PDA), the Hedonic Price Method (HPM), and
the Contingent Value Method (CVM). The PDA approach produces an objective measure of
flood mitigation value by focusing its valuation criteria on costs associated with – as the name
suggests – property damage. This method was typically utilized by the ACOE in estimates of risk
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reduction benefit for its objectivity (Shabman & Stephenson, 1996). However, PDA falls short in
its ability to capture all benefits related to flood risk due to its objective focus on property
damages alone.
The two remaining approaches, HPM and CVM, are more encompassing of potential
benefits in their use of willingness-to-pay from would-be beneficiaries. In the Roanoke study,
HPM involved drawing from comparisons of land transfer values before and after a significant
flood event; conceptually, this approach reflects the market’s willingness-to-pay for a piece of
property after the buyers and sellers determine how prices are affected by flood risk (U.S. Army
Corps of Engineers Institute for Water Resources [IWR], 1998). The limitations of this method
are similar to those of PDA in that HPM narrows the scope of beneficiaries to those who own
properties within the floodplain (IWR, 1998). While this approach – for both PDA and HPM –
produces an arguably more objective valuation since only the stakeholders are providing
estimations, there exists a certain “civic” valuation that can be drawn from informed citizens
who understand the social benefits of disaster prevention (IWR, 1998). As suggested in metaanalyses of HPM and CVM, the utility of each respective approach varies with what is being
evaluated. As argued by Brander and Koetse (2011), HPM excels in monetizing the effects of
policies with a select few impacts that are well-defined, while CVM is more appropriate for
policy decisions with multiple, less-tangible implications. For the Roanoke study, CVM
succeeded in this regard. Although estimates may be more subjective due to the hypothetical
nature of willingness-to-pay surveys, CVM excels in its ability to capture the intangible effects
of flood such as aversion to trauma and anxiety (IWR, 1998). Shabman and Stephenson (1996)
found that these “nonmarket” goods were, in spite of potential issues such as limited respondent
knowledge or bias, best conveyed through willingness-to-pay bids derived from the CVM. For
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the purposes of this research, we derived our benefit projections from the CVM estimates of the
Roanoke study.
In order to apply the findings of the Roanoke study to College Lake, Figure 1 below was
generated using ArcMap 10.5.1 software. Two probable maximum flood scenarios for a 100 year
storm – one with a dam break (in red) and one without (in blue) – were rendered as floodplains
on the map. Using parcel data from the City of Lynchburg, properties that fell within these
floodplains were rendered as well.

Figure 1. Map of Lynchburg downstream of College Lake, illustrating a probable maximum
flood (PMF) scenario for a 100 year storm, including flooding in the event of a dam break.
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Twenty-one properties, indicated on the map with stars (Fig. 1), are affected exclusively by the
dam break during a 100 year probable maximum flood scenario. In the Roanoke study, the CVM
value for a given property, ceteris paribus, was a lump sum of $980 with annual benefits of $158
in the case of a 100 year flood; omitting any impeding values from uncertain or protest bidders,
the CVM increases to $1,225 for the former and $175.56 for the latter (IWR, 1998). These
monetary values are based on the US Dollar in 1987 and amount to $2,730.55 and $393.56 when
adjusted for inflation (United States Department of Labor, 2018). In order to better reflect the
willingness to pay for Lynchburg City residents rather than those of Roanoke, economic factors
such as income and purchasing power should be accounted for. A series of calculations using
data from the Bureau of Economic Analysis (2017) and United States Census Bureau (2016)
were run to determine the relative personal income ratio between these two cities, as shown in
Table 1 below.
Table 1. A ratio comparison of willingness to pay between Roanoke and Lynchburg citizens,
derived from real metropolitan incomes, adjusted for regional price parities and population size.
Income per Capita Calculations by Region
Metropolitan Area

Roanoke, Virginia

Lynchburg, Virginia

2015 Real Personal Income

$13,653,000,000

$9,646,000,000

Regional Price Deflator

99.50%

99.10%

Adjusted Regional Income

$13,584,735,000

$9,559,186,000

2015 Estimated Population

98,736

78,158

Regional Income per Capita

$137,586

$122,306

Income per Capita Ratio

1

0.8889387387
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Using these data to predict that Lynchburg City property owners are only willing to pay 89% of
what their Roanoke counterparts are for flood risk mitigation, the adjusted CVM values for
Lynchburg are $2,427.29 for a lump sum and $349.85 annually. Thus, by reducing the risk of
flood damage to the 21 properties that are exclusively within the dam breach zone, the city can
procure $50,973.09 in upfront benefits with an annual benefit of $7,346.85, amounting to
$143,381 in public benefit after only 10 years as shown in Figure 2 below.

Figure 2: Cumulative value of abated dam failure risk (IWR, 1998) over 10 years, adjusted,
for the 21 properties exclusively within the College Lake dam inundation zone.

There is a possibility that the social benefits of proper flood risk mitigation could extend beyond
these twenty-one properties. The remaining 186 properties that exist within both flood zones –
indicated on Figure 1 with circles – could be beneficiaries to this policy as well. Even though
these properties will most likely be subject to flood damage during a 100 year flood event
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regardless of a dam breach, they may still experience significantly more damage in the event of a
dam breach due to an increase in water volume or velocity (Haltas, Elçi, & Tayfur, 2016). If the
same CVM benefits are applicable to property owners within both flood zones, then the total
potential value of flood risk mitigation could reach upwards of $1,413,327 over 10 years, as
shown in Figure 3 below.

Figure 3. Cumulative value of abated dam failure risk (IWR, 1998) over 10 years, adjusted,
for all 207 properties within the College Lake dam inundation zone.

Solution One: Dam Rearmament
The first and least-deviant of the two solutions that are currently being considered by the
City of Lynchburg is the rearmament of the College Lake dam. Based upon recommendations
provided by URS Corporation (2015), the process would involve multiple means of mitigating
dam failure potential, including: construction of a parapet wall with the intention of directing the
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flow of water along a least-destructive discharge path; construction of cutoff and training walls
to further correct water flow and mitigate erosion; implementation of riprap bedding along both
sides of the dam to withstand erosion from this discharge; construction of a secant pile wall
around the dam to shield against erosion and undercutting; and the application of a concrete layer
on top of the dam, attached to the dam base and secant pile wall, to prevent erosion from
overtopping. The co-implementation of these recommendations results in an earthen dam that is
protected from any further erosion, stabilized to resist dam breakage, and intentional with its
spillway discharge to alleviate dam pressure buildup. Including contingency costs, the dam
rearmament approach is estimated at a total of $14,302,000 (URS Corporation, 2015). Although
rearmament of the College Lake dam may address these inundation concerns and provide
significant public benefit in the short term, the effects would ultimately be temporary in wake of
two constantly-worsening issues.
Primarily, the expectation that fortifying the College Lake dam could increase its
longevity is ultimately rooted in the assumption of present, unchanging climate conditions.
Admittedly, there is a possibility that the usable life of the dam may be unaffected by the
changing climate, for predicting future climate conditions as they relate to extreme storm events
is limited within even the most advanced models (Willems, 2013). However, some studies
suggest that flooding will become more severe. In recognition of the Clausius–Clapeyron
equation that notes a 7% increase in rainfall for each degree Celsius change in temperature,
however, Willems (2013) extrapolates through the synthesis of 69 global climate models that
even the most destructive flood scenarios could grow two to four times more frequent by the end
of the century. In this instance of climate change, the above 100 year probable maximum flood
scenario could occur as frequently as a 25-year storm today. An increased frequency would have
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significant implications for benefit valuation, given that the trend of the Roanoke flood estimates
indicates an increase in willingness to pay for risk mitigation of more-frequent flood events
(IWR, 1998). The ability for even a fortified College Lake dam to withstand such increases in
precipitation and stormwater runoff may not be certain, given that current rates of sediment
loading into the lake will only continue to compromise its storage capacity without extensive and
regular dredging (Newman et al., 2006; URS Corporation 2015). Decommissioning of the dam
would provide the greatest and most sustainable social benefit for properties downstream of
College Lake, for the possibility of a dam failure would no longer exist with the nonexistence of
a dam to fail.
Solution Two: Dam Removal
The second option currently being explored by the City of Lynchburg is a full
decommissioning of the dam. Contrary to dam rearmament, this solution deviates much more
from the existing conditions of both the dam as well as Lakeside Drive. Again referring to the
recommendations of URS Corporation (2015), a two-phase bridge construction and dam
decommissioning would be implemented to assure minimal traffic disruption. Throughout both
phases, incremental draining will occur as the dam is deconstructed to minimize downstream
erosion of water damage (URS Corporation, 2015). The replacement bridge would follow a
similar path to what currently exists while allowing for potential widening to the east in the event
of future roundabout construction at the road’s intersection of Old Forest Road and College
Drive (URS Corporation, 2015). The construction costs are estimated at a comparatively lower
$7,959,000; however, these costs are misleading in that they do not comprise the multiple,
residual expenses regarding lakebed management that are necessary following dam removal
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(URS Corporation, 2015). These subsequent expenses vary depending on which further
management options are pursued.
Following the removal of the dam, a great deal of sediment that constitutes the bed of
College Lake would remain, prone to a great deal of erosion if any precipitation or runoff were to
run across it. The environmental impacts suffered by downstream ecosystems in this scenario
have the potential to compromise the health and functionality of those ecosystems entirely.
Concerns regarding the potential for harm are valid, considering that a great deal of the sediment
that has built up behind the College Lake dam is the result of runoff from a rapidly-urbanizing
watershed (Newman et al., 2006). These conclusions are consistent with those made in studies of
existing and former dam sites along Red Clay Creek; findings by Pearson, Pizzuto, and Vargas
(2016) indicate that the most significant issue presented by dam removal is the proper
management of accumulated sediment behind existing dams. Further observations have found
pollutants within urban runoff – such as what the lakebed comprises – have been shown to
adversely affect the health of key aquatic indicator species (Norris & Burgin, 2011). Outside of
the ecological implications of neglecting the lakebed, such large amounts of sediment erosion
into Blackwater Creek could incur Clean Water Act violations for unpermitted point source
pollution. URS Corporation (2015) suggests that these concerns can be addressed at the most
fundamental level through grade controls, proper seeding, and stabilization of the lakebed. While
vegetation is established, supplementary measures would be taken for sediment control such as
an application of natural fiber matting and phased dewatering. A conceptualization of this
approach was provided by URS Corporation in their report, as shown in Figure 4 below. This
baseline management approach would cost the City an additional $1,870,000 (URS Corporation,
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2015). Even in its most basic forms, proper sediment stabilization is crucial in avoiding
potentially hazardous erosion downstream.

Figure 4. Aerial conceptualization by URS Corporation of the College Lake basin following dam
removal, assuming management is limited to grade control and sediment stabilization.
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Additional concerns regarding lakebed management include the degree of human
intervention in the waterway that replaces College Lake. Bearing in mind the same concerns
noted above regarding sediment erosion, allowing the lake to naturally devolve into a channeled
stream would not likely be optimal. Even with basic stabilization and seeding of the lakebed,
water quality issues may arise involving a natural stream channel and its relationship with the
surrounding basin. Fox, Purvis, and Penn (2016) concur in a synthesis of multiple riparian
sediment loading studies that bank stabilization with vegetation is pivotal, with sparselyvegetated banks exhibiting significant erosion five times more often than properly managed
examples. These erosion effects occur in tandem with phosphorous loading into watersheds, with
sediment from streambanks accounting for an upwards of 93% of phosphorous levels in streams
(Fox et al., 2016). Furthermore, the risks of sediment loading are occasioned not only by the
lakebed’s loose soils but by the eroding forces of the stream itself. In a ten-year study of
urbanization and sedimentation in San Diego Creek, California, researchers found that
proliferation of impervious surfaces from upland development correlates with an increased
intensity and frequency of peak stream flows, and in turn a surge in erosion and sediment loading
(Trimble, 1997). Such findings are particularly relevant to the College Lake and Blackwater
Creek watershed, given that similar urban development has been observed in the City of
Lynchburg in recent years as well (Newman et al., 2006). To best remedy this issue, streambank
vegetation should be coupled with intentional stream design that prevents channeling, as shown
in Figure 5 below.
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Figure 5. Aerial conceptualization by URS Corporation of the College Lake basin following dam
removal, assuming full-scale soil stabilization and vegetation restoration in the lakebed.

URS Corporation (2015) offers full channel restoration as a post-dam management option, which
involves streambank protection, establishment of diverse habitats within the lakebed, and
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intentional vegetation plantings along the riparian area. This option saves on expenses by making
use of the remaining soil from dam decommissioning, totaling at an additional $6,810,000
following construction costs (URS Corporation, 2015). Though the expenditures from stream
stabilization and restoration would significantly increase the overall costs of dam removal, such
measures are necessary to abate the legal and ecological consequences of lakebed negligence.
Alternative Measures in Flood Risk Mitigation
Should the dam inevitably have to be removed in order to mitigate risk of failure, it is
pivotal that what remains of College Lake be properly managed in a way that facilitates the
dam’s role in flood prevention. One possibility is the use of wetlands as a tool for flood risk
mitigation. Although wetlands are already widely recognized for this role (U.S. Environmental
Protection Agency Office of Water [Office of Water], 2006), it is worth exploring which
particular hydrological characteristics are most effective in mitigating flooding. In a Michigan
State University study of the Shiawassee River and its watershed, Martinez-Martinez,
Nejadhashemi, Woznicki, and Love (2014) developed a simulation for multiple scenarios of
wetland management and implementation within the area. Satisfying three different statistical
indices for accuracy, the model was able to compare scenarios in which the size, depth, or
location of wetlands within the watershed were altered with the other variables held as constants.
Of these three characteristics, the overall size of the wetland was found to be the dominating
factor by statistically-significant amounts; across the many projections, the commonly-held
belief that wetlands diminish outflows and reduce flood risk was affirmed (Martinez-Martinez et
al., 2014). Given the findings of this study, the optimal post-dam removal management scenario
from a perspective of flood concerns would, assuming a consistent quality of wetland,
incorporate converting the greatest area of the College Lake basin to wetlands.
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Proponents of dam rearmament may argue that wetlands are far surpassed by dams in
their ability to store water and in turn mitigate flood risk. This is certainly true, and the
consequences of dam removal regarding flood abatement are worth exploring from a
socioeconomic perspective. According to the Office of Water (2006), an acre of wetlands
provides approximately three acre-feet of water storage on average. In place of the College Lake
dam, flood risk mitigation would be facilitated by the 20.9 acres of potential wetlands that could
occupy the basin in place of College Lake (Williamsburg Environmental Group, 2007). Drawing
from the Environmental Protection Agency’s average storage estimates, the newly-formed
wetlands would provide an estimated 62.7 acre-feet of storage for flood waters. This storage
capacity falls far behind the dam’s maximum of 710.5 acre-feet (URS Corporation, 2015),
which, when adjusted for its 89.6 acre-feet of normal capacity, reveals an available storage of
620.9 acre-feet. In an interview with a local expert and stakeholder regarding College Lake dam,
it was suggested that dam rearmament would not affect current storage capacity levels (Thomas
Shahady, Personal Communication, 2018). Including what is known regarding the historical
performance of the dam, however, the flood mitigation ability of both options pale in
comparison. Considering that the storage capacity of the dam has diminished 63.9% between the
years 1980 and 2014 (URS Corporation, 2015), we can speculate that the historic maximum and
available volumes for the dam were approximately 1258.3 acre-feet and 1099.6 acre-feet,
respectively. Using the historical performance of the dam as a standard, the relative storage
capacities of each option can be valued as a percentage of historic capacity. Applying these
percentages to the risk abatement values derived from the Roanoke study, we produced ten-year
benefit estimates akin to the dam breach risk analyses.
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Figure 6. Socioeconomic benefit procured by the 20.9 acres of potential lakebed wetlands for the
186 properties within the downstream PMF zone.

Figure 7. Socioeconomic benefit procured by the College Lake dam, assuming a sedimentation
rate of 4.7 acre-feet per year, for the 186 properties within the downstream PMF zone.
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At face value, Figures 6 & 7 may appear to somewhat misleadingly provide similar
socioeconomic benefit from both scenarios. However, the vertical axis represents much greater
values in Figure 7. A more discernable comparison can be seen in Figure 8 below:

Figure 8. Comparative socioeconomic valuations of dam rearmament and wetland
implementation regarding flood risk for the 186 properties in the downstream PMF zone.

Few as the benefits provided by the wetland implementation option may seem, it is worth noting
that URS Corporation (2015) estimates no significant increases in risk incurred by the properties
within the downstream PMF zone. In consideration of the aforementioned dam breach
prevention value provided by dam removal, however, the benefits between options become much
more competitive, as shown in Figure 9 below:
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Figure 9. Comparative socioeconomic valuations between dam rearmament and wetland
implementation, including mitigation benefits for both flood risk and dam failure.

Although the water storage capacity of the proposed wetlands does not compete with what is
currently offered by the College Lake dam, wetlands are able to provide this service without any
risk of a dam failure. Furthermore, the future storage capacity of College Lake will continually
diminish so long as sedimentation continues without regular dredging (URS Corporation, 2015).
While neither management option necessarily provides an ideal service for protecting the
properties downstream of the College Lake dam, dam removal with wetland implementation
ultimately procures the greatest socioeconomic benefit from its ability to complete alleviate any
concerns regarding dam failure.
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Exploring the Value of and Barriers to Urban Wetland Implementation
There exists a multitude of other socioeconomic and ecological benefits from the
existence of wetlands beyond flood risk abatement; however, these benefits are not wellunderstood. Conveying the necessity of wetland implementation within the College Lake basin
may be impeded by prevailing misconceptions regarding the efficacy of wetlands in an urban
setting. Across multiple nonmarket valuations of urban wetlands, expressed estimates of indirect
use values from ecosystem services were far outweighed by private benefits such as development
opportunity – especially in urban areas where the development value is often much greater
(Boyer & Polasky, 2004). From an anthropocentric economic perspective, neglecting wetlands in
favor of lucrative urban development with compensatory mitigation is logical. Boyer and
Polasky (2004) suggest that these valuation attitudes could stem from a lack of knowledge
regarding the social benefit of wetlands, regardless of setting. As a public entity, the City of
Lynchburg may have difficulty justifying the notable expenditures associated with wetland
implementation in an urban setting. Moreover, these negative perceptions of urban wetland value
are not limited to the layman.
Urban wetlands may be undervalued by compensatory mitigation specialists and
regulatory agencies as well. Ravit et al. (2017) suggest that this misconception may stem from a
lack of quantifiable success indicators in mitigation credit allowance, leading specialists to
appeal to ideal “reference wetlands” as a standard for success, which are most often far removed
from urban settings. These success indicators are determined not by the performance of the
wetland itself, but rather its “ecological integrity” (United States Environmental Protection
Agency [EPA], 2008). While the logic is sound in suggesting that a healthy ecosystem is likely
to perform at a higher level than others, one of the measures of ecological integrity used by
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regulators such as the EPA is the existence of exterior “stressors” on the ecosystem (EPA, 2008);
regardless of a given wetland’s resilience to these stressors, which are more prevalent in urban
settings, the performance metrics are skewed in favor of wetlands in benign environments (Ravit
et al., 2017). Synthesizing three separate case studies of urban wetland performance, Ravit et al.
(2017) argue that wetlands, so long as they are functioning properly, generate significantly more
value than anticipated in an urban environment; this value is derived from their ability to provide
vital ecosystem services such as effluent mitigation and heavy metal retention for watersheds
with comparatively large amounts of impervious surfaces. Regardless of their widespread
perception as poorly-functioning ecosystems, wetlands play a crucial role in the provision of
services with social benefit and are worthy of public investment.
Beyond the scope of flood risk and ecosystem services in Lynchburg, wetlands in the
Blackwater Creek watershed provide ecological benefit with measurable economic value to
recipients outside of the College Lake floodplain as well. As the effects of climate change begin
to manifest, the performance and stability of ecosystems are becoming increasingly threatened;
Green, Kronenberg, Andersson, Elmqvist, and Gómez-Baggethun (2016) argue that this threat is
particularly true of ecosystems within urban areas, where ecosystem services will become
progressively more vital for populations living there. In case studies of Vancouver and London,
Green et al. (2016) highlight the importance of insurance value for urban ecosystems, arguing
that the resilience of an ecosystem to external disturbances is an important precedent to the
services provided by that ecosystem. The potential impact of climate change in particular to
ecosystem service resilience has been noted by Williams, Bhatt, Filoso, and Yactayo (2017),
who argue that increased urban effluent loading due to frequent, more-intense precipitation could
compromise even a well-managed stream’s ability to mitigate runoff. A strongly recommended
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method of establishing insurance value is the creation or preservation of ecosystems that are not
only contiguous but diverse as well, for varied systems are less likely to be disrupted by a single
given disturbance (Green et al., 2016). Implementation of a riverine wetland within the College
Lake basin would facilitate the needed diversity that the lake currently provides for the
Blackwater Creek riparian corridor. Conversely, the allowance of a naturally-devolved stream to
form without wetland implementation would compromise the resilience and insurance value of
the Blackwater Creek ecosystem as a whole.
An additional benefit to riverine wetlands construction that is particularly applicable to
College Lake is the isolation of pathogens within urban watersheds. Bacteria such as Escherichia
coli have been found to pose a notable health risk to humans, especially when these
microorganisms persist in population-dense areas such as cities (Hathaway, Hunt, & Jadlocki,
2009). One particular concern for urban areas is the spread of such pathogens through
stormwater runoff, where bacteria in fecal matter can contaminate waterways (Hathaway et al.,
2009). As a result, Total Maximum Daily Load (TMDL) requirements regarding certain indicator
bacteria have been establish in watersheds around the United States; the James River and
Blackwater Creek watersheds fall within this TMDL jurisdiction for bacteria (Virginia
Department of Environmental Quality, 2018). Implementation of wetlands within the watershed
is one of several Best Management Practices for mitigating stormwater pathogen transmission
and has performed this function with a significant degree of success (Hathaway et al., 2009).
This assertion was confirmed in an analysis of the aforementioned temperate constructed
wetland, site of the 2013 Mitsch et al. study (Hsu, Mitsch, Martin, & Lee, 2017). Implementation
of a thriving wetland ecosystem within the Blackwater Creek watershed would benefit the City
of Lynchburg from both a regulatory and public health perspective.
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One particularly impactful service provided by wetlands is carbon sequestration. The
value of this service is unclear, though, as there is a lack of consensus and replicability regarding
the amount of carbon sequestered by wetlands. In an attempt to produce a model of reference for
wetlands of various hydrological makeups and biomes, Mitsch et al. (2013) synthesized original
wetland sequestration observations with data from a multitude of previous studies. For
temperate, constructed, flow-through wetlands akin to the riverine wetland that could potentially
replace College Lake, annual sequestration ranged between 803 and 979 grams of carbon for
every square meter of wetland (Mitsch et al., 2013). Scientists argue, however, that wetlands
may not serve this function well, given that the anaerobic conditions of wetlands produce
greenhouse-intensive methane. Comparing the molar ratio of carbon dioxide and methane in
regards to greenhouse intensity, Whiting and Chanton (2001) produced estimates for boreal,
temperate, and subtropical climates that determined at what point in time carbon sequestration
would offset methane emissions. For wetlands within a temperate climate such as Virginia, net
carbon sequestration was projected to begin after 8.8 to 11 years (Whiting & Chanton, 2001).
Estimates vary slightly with Mitsch et al. (2013), who found the aforementioned constructed
wetlands to begin net sequestration after 0 to 8 years. The shorter-lived net production of
greenhouse gasses in the constructed wetlands of the Mitsch et al. (2013) study corroborates the
arguments presented by Rosli et al. (2017), who suggest that constructed wetlands with active
human intervention are less likely to produce methane at a rate that compromises carbon
sequestration compared to their naturally-occurring counterparts. Mitigating the effects of
climate change could ultimately aid in addressing the aforementioned issues of ecosystem
service resilience as well. Assuming these findings hold true, the post-dam College Lake basin

25
should not only be replaced with a riparian wetland, but also constructed with intention and
regularly maintained for performance in order to assure optimal ecosystem service provision.
Similar to the measured sequestration ability of wetlands, there is a great deal of variance
amidst economists and climate scientists regarding how much economic value should be derived
from the prevention of atmospheric carbon loading. The social costs of carbon vary a great deal
across different studies, with economic effects that are not immediately apparent (Tol, 2010). Tol
(2010) speculates that the short-term effects of climate change may even be socioeconomically
beneficial in consideration of lengthened growth seasons and deterrence of cold-borne illnesses.
In a synthesis of 292 economic valuations, the estimated marginal costs of carbon emissions
were presented with multiple interpretations: costs ranged from $35 per ton at the 33rd percentile
to $676 per ton at the 95th; the median and average costs per ton were $117 and $179,
respectively; and the most frequently determined cost across the 292 studies was $50 per ton
(Tol, 2010). These data can be coupled with net carbon-sequestration estimates from Mitsch et
al. (2013), which amount to between 219 grams and 267 grams per square meter of wetland
when accounting for methane production. For the sake of concision, we converted the net carbon
sequestration estimates to a tonnage-per-acre measurement. The estimates of Tol (2010) and
Mitsch et al. (2013) were then combined, excluding the median social cost of carbon, and
interpreted both marginally and cumulatively in the figures below (Figs. 10-11).
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Figure 10. Annual carbon sequestration rates, adjusted for methane emission calculations from
Mitsch et al. (2013), coupled with marginal climate change mitigation values from Tol (2010).

Figure 11. Annual offset value synthesis of Mitsch et al. (2013) and Tol (2010), projected
cumulatively over 10 years for a single acre of wetland.
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These valuations will be further utilized in calculating the economic benefits of College Lake
management recommendations.
On-Site Wetland Management Feasibility Analysis
Attractive as the enumerated benefits of wetlands may be, these management decisions
are not without notable cost. Converting all 20.9 acres of the drained lakebed into wetlands as
shown in Figure 12 is projected by URS Corporation (2015) to cost an additional $7,530,000
over the withstanding dam removal and bridge construction expenses. Although this option is
notably more expensive than what has been explored previously (Figs. 4-5), there are measures
for offsetting the costs associated with wetland implementation. Through compensatory
mitigation practices outlined by Williamsburg Environmental Group (2007), the City of
Lynchburg can be rewarded monetarily for the creation of new wetlands. The 20.9 acres of
created wetlands and 4,600 linear feet of restored stream could accrue $1,045,000 in mitigation
credit from the former and $2,070,000 from the latter, resulting in a combined $3,115,000
(Williamsburg Environmental Group, 2007; Virginia Aquatic Resources Trust Fund, 2011).
Including the numerous socioeconomic benefits explored above, the total gross benefit of
lakebed conversion totals to $4,420,514. This incurs a net cost of $10,838,486 when
incorporating the $15,489,000 in construction and lakebed restoration costs. The gross benefit
calculations are shown in Table 2 below.

28

Figure 12. Aerial conceptualization by URS Corporation of the College Lake basin following
dam removal, assuming full-scale implementation of a riparian wetland in the lakebed.
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Table 2. Summation of the socioeconomic benefit valuations for replacing College Lake and its
associated dam with a riparian wetland. Carbon sequestration value calculated with the
assumption of average sequestration and carbon value.
Benefit Summary for Dam Removal and Wetland Implementation
Dam Failure Prevention Value (10 Years)
Flood Risk Abatement Value (10 Years)

$1,413,327
$71,180

Wetland Mitigation Value

$1,045,000

Stream Restoration Value

$2,070,000

Carbon Sequestration Value (10 Years)
Total Value

$51,007
$4,650,514

Discouraging to policy makers as it may be, the above cost-benefit estimate may be more
rigorous than reality in regards to the costs incurred by wetland implementation within the
lakebed. A 2017 study by Palta, Grimm, and Groffman focused particularly on wetlands that are
created as an unintended consequence of infrastructural development such as the College Lake
dam, exploring the performance and management costs of these wetlands compared to traditional
methods. The study suggests that the unique value in “accidental” wetlands such as these is the
avoided costs of establishing the needed hydrological conditions for wetland vegetation (Palta et
al., 2017). Given that a recently-drained lakebed would likely contain hydric soils, the seeding of
a wetland riparian buffer within the floodplain of the new stream could exhibit a high success
rate for planted vegetation. This hypothesis is corroborated by the work of Sarneel, Janssen, Rip,
Bender, and Bakker (2014), which found soil moisture and regular flooding to be significantly
conducive to successful germination in both controlled and field settings. Such an economical
use of prevailing hydric soils is consistent with recommendations from the National Resource
Council regarding compensatory mitigation guidelines, which advocate for practices that utilize
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existing hydrological conditions to produce more effective wetlands (Sudol, 2003). Furthermore,
a plethora of existing literature suggests that the social return on investment far outweighs the
expenditures. Regarding ecosystem services, wetlands are preferred over conventional streams.
In a case study of over 200 restoration projects across ecosystems ranging from coral reefs to
grasslands, De Groot et al. (2013) found inland wetlands to outperform freshwater systems such
as rivers in a comparison of ecosystem service value to restoration cost. The parameters of this
study included important investment factors such as risk, accounting for the often varied
performance among wetlands of the same distinction; even in regards to risk, wetlands akin to
what can be observed in Figure 12 would provide a more reliable ecosystem service benefit (De
Groot et al., 2013). Although the impact of the savings and returns from restorative wetland
implementation are difficult to quantify or predict, literature suggests that the contingency costs
incorporated into these estimates may not have to be utilized.
In order to help offset costs in a more tangible way, the City of Lynchburg should explore
the potential benefits accrued through inexpensive, readily-available wetland and stream
restoration opportunities near College Lake. For the 20.7 additional acres of wetlands
surrounding the project site, Williamsburg Environmental Group (2007) recommends a
collection of restoration, enhancement, and preservation practices – all of which provide a net
benefit. Similar estimates are provided for proper stream and buffer management, which also
procures a net benefit (Williamsburg Environmental Group, 2007). Cost-benefit analyses for all
of these options are shown in Tables 3 and 4 below:
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Table 3. Inventory of undermanaged wetlands surrounding College Lake with cost-benefit
analyses provided for each management option, as well as a summation of all three.
Wetland Mitigation Strategies
Management
Option
Wetland
Restoration
Wetland
Enhancement
Wetland
Preservation
All Options
Pursued

Qualifying
Acreage

Implementation
Cost

Mitigation
Credit

Mitigation
Benefit

Total Net
Benefit

3.6

$81,000

3.6

$180,000

$99,000

10.4

$41,600

2

$100,000

$58,400

6.7

$0

0.6

$30,000

$30,000

20.7

$122,600

6.2

$310,000

$187,400

Table 4. Management options and cost-benefit analyses for College Lake tributaries and buffer
areas, assuming an average of $450 is awarded per mitigation credit.
Stream Mitigation Strategies
Management
Option
Stream
Restoration
Stream
Enhancement
Stream
Preservation
Buffer
Restoration
All Options
Pursued

Scope of
Management

Implementation
Cost

Mitigation
Credit

Mitigation
Benefit

Total Net
Benefit

7679 linear feet

$1,919,750

7679

$3,455,550

$1,535,800

913 linear feet

$91,300

347

$156,150

$64,850

857 linear feet

$0

0

$0

$0

58.6 acres

$117,200

826

$371,700

$254,500

9449 linear feet /
58.6 acres

$2,128,250

8852

$3,983,400

$1,855,150

Williamsburg Environmental Group’s (2007) calculations also include an adjustment
credit of $28,000 as well as $380,000 in expenditures related to engineering, monitoring, and
maintenance over ten years. This is a necessary expenditure not only for the assurance of wetland
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mitigation credit, but for the health and performance of the wetlands as well. In their analysis of
170 studies of 418 economic valuations across 186 wetlands, Ghermandi et al. (2010) concluded
that human monitoring and intervention were significant factors in the efficacy of a wetland
ecosystem, particularly in regards to a wetland’s ability to provide ecosystem services that
procure the greatest socioeconomic benefit. If the College Lake dam must inevitably be
decommissioned for failure risk abatement, then management of the post-removal lake basin
should prioritize effective wetland ecosystem service provision and mitigation credit allowance
so as to maximize social benefit as an offset to costs.
Upland Preservation
Regardless of any outcome concerning the fate of College Lake, the conservation and
proper management of Lynchburg College’s upland properties is vital in order to assure optimal
performance of the present and potential wetland ecosystems within this watershed. Contrary to
the findings of Fox et al. (2016), a great deal of sediment loading prevention may be more
effective before effluent enters the stream system. As previously noted, Williams et al. (2017)
argue that potential increases in precipitation due to climate change can drastically intensify
nonpoint source pollution – particularly so in watersheds with substantial impervious surface
coverage such as in urban areas. Although aforementioned techniques such as streambed
stabilization are essential for preventing sediment loading from erosion of the stream itself, they
underperform in regards to withholding runoff from watersheds, which can prove detrimental for
downstream estuaries such as the Chesapeake Bay (Williams et al., 2017). These concerns are
particularly relevant to the College Lake watershed, given the amount of development that has
occurred in the City of Lynchburg within recent decades (Newman et al., 2006). Further
development of upland properties would likely only exacerbate present conditions. Conversely,
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preservation of undeveloped land within the watershed should, in turn, inhibit worsening of this
issue. We suggest that maximizing and maintaining the amount of vegetative cover within
upland areas of the watershed would discourage erosion as precipitation intensifies and would
potentially serve as an effluent buffer from upland impervious surfaces.
Upland preservation is beneficial not only to the services provided by the Blackwater
Creek ecosystem but to the health of the ecosystem itself as well. In addition to the potential
creation of a riverine wetland within in the drained lakebed, the existing wetlands that lie
upstream of College Lake are key factors in the provision of ecosystem services. Williamsburg
Environmental Group (2007) found these wetlands to boast a substantial 17.52 acres of area
coverage, making the vitality of these ecosystems consequential in procuring the greatest total
socioeconomic benefit. Although the success of a wetland is often determined by the amount and
variety of pollutants it captures, it is important to determine whether or not these contaminants
are compromising the health of the wetland ecosystem. Measuring the health and diversity of
fauna – particularly macroinvertebrate species – within an ecosystem has been found to be an
effective indicator of wetland vitality (Mackintosh, Davis, & Thompson, 2015). In an
examination of wetlands within the Melbourne metropolitan area, Mackintosh et al. (2015) found
a strongly negative correlation between the macroinvertebrate diversity of wetlands and the total
imperviousness of their watersheds. Although the results could not indicate any causal
relationships, the study suggests that runoff from upland urban areas may be an important
influence on the water quality of the subject wetlands (Mackintosh et al., 2015). This hypothesis
was explored by Norris and Burgin (2011), who found that aquatic wetland species in Sydney
have a tendency to exhibit morphological changes associated with endocrine system disruption
from upland pollutants. Assuming the propositions from both studies that upland impervious
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surfaces are primary contributors to wetland ecosystem detriment to be true, conservation of the
undeveloped properties surrounding College Lake is essential for impeding the escalation of
urban pollutant runoff to the wetlands in this area.
Preserving the properties that surround College Lake would benefit more than solely the
wetlands beneath, providing ecological and monetary value in and of itself as well. Just as land
conservation can protect the biodiversity of downslope wetlands, undeveloped properties serve
as crucial habitats for populations of flora and fauna. Within urban environments such as the City
of Lynchburg, the need for wildlife habitat is often superseded by commercial and residential
development interests. This scarcity is likely to worsen over time, considering that urban
populations in the United States are expected by the United Nations (2014) to constitute just
under 90% of the population by the year 2050. The effects that growing populations will have on
existing wildlife habitat are not geographically uniform, however. In a study of future habitat
vulnerability in the southeastern United States, Martinuzzi et al. (2015) found urban development
to pose the most substantial risk to future terrestrial wildlife in the Piedmont ecoregion. These
predictions are not unreasonable, given the rapid development that has been observed in the City
of Lynchburg over the past several years (Newman et al., 2006). The upland properties
surrounding College Lake are both rare and valuable in regards to their relative value as a habitat
for urban wildlife, which will likely only become more crucial as future land use constricts other
undeveloped areas in the region.
Although the exact monetary value of preserving this urban habitat is not certain, a
measurable economic benefit can be derived from the City of Lynchburg’s Land Use Deferral
Program. In order to qualify for the benefits of this program, a property owner must currently
possess a certain acreage of land that is designated for select uses, such as twenty acres of
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forested land for recreational use (City of Lynchburg, 2018a). Of the College’s over 150 acres of
property (Fig. 13), a significant portion qualifies as undeveloped, forested land whose trails and
untouched space are regularly utilized for public leisure.

Figure 15. Map of the College Lake watershed noting Lynchburg College-affiliated parcels and
classification of their owners. Parcel data retrieved from the City of Lynchburg (2018b).

Given that the deferral tax credit awarded by the city is derived from the land’s fair market price,
the undeveloped land on these properties can be valued at a combined total of $5,829,200 (City
of Lynchburg, 2018b). A summary of each property and its value can be found in Appendix A.
In this instance, the immediate monetary value of land conservation alone exceeds even the
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above benefit projections of dam breach risk mitigation that are accumulated over ten years. This
monetary value will be utilized to better inform the management recommendations for College
Lake and its surrounding ecosystem.
Collaboration with Lynchburg College
Properties within the immediate watershed of College Lake that are not affiliated with
Lynchburg College were omitted from the above recommendations due to the unique, costeffective opportunities of a land preservation agreement between the College and the City of
Lynchburg. The consent and involvement of Lynchburg College is crucial in implementing all of
the aforementioned lakebed management policies and may provide further benefits beyond what
has previously been discussed. Primarily, the approval of Lynchburg College is a vital
component in securing the aforementioned value of land conservation around the College Lake
basin. As a nonprofit entity that is already exempt from a multitude of taxes, Lynchburg College
would not be able to directly benefit from the property tax abatement offered by the Land Use
Deferral Program. Referring to Figure 13, however, a significant portion of the properties located
on Faculty Drive are not owned by Lynchburg College, which suggests that implementation of
these land use policies may prove difficult. These private owners are fortunately Collegeaffiliated, with restrictions on property improvements pending the approval of Lynchburg
College (Laura Henry-Stone, Personal Communication, 2018). Although the City of Lynchburg
could circumvent approval through strict enforcement of conservation zoning, establishing a
working relationship with the College would ensure the preservation of lands surrounding
College Lake while minimizing foregone tax revenue.
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In addition to the leverage granted by the College in upland preservation, collaboration
between Lynchburg College and the City of Lynchburg could prove beneficial to both parties in
many ways. This mindset of collaboration between Lynchburg College and the City of
Lynchburg stems from a Network Theory approach to public administration. Originating chiefly
from works in the 1990s by authors such as Laurence O’Toole, Network Theory departs
empirically from traditional, more hierarchical models of bureaucratic governance in that it
rejects exclusively vertical communication and recognizes the role of nongovernmental actors in
administrative processes (Balla & Gormley, 2018). These actors are utilized by governments to
perform roles that public bureaucracies do not perform as efficiently or effectively through what
are known as public-private partnerships (Balla & Gormley, 2018). Frederickson, Smith,
Larimer, and Licari (2016) further delineate the distinct roles that nongovernmental actors can
fulfill, arguing that private and nonprofit entities can be differentiated from each other by the
administrative needs that they meet. Utilizing nonprofit entities is especially important in the
implementation of policy with high public interest, for the power of accountability is given to the
policy’s stakeholders (Frederickson et al., 2016). From a normative standpoint alone, the City of
Lynchburg should, as a public entity in a democratic setting, seek to include its stakeholders as
often as possible in policy implementation. As the owner of the College Lake property with
faculty and students living within walking distance of the water, Lynchburg College is a clear
and immediate stakeholder in the management options pursued for the College Lake dam. For
this reason alone, Lynchburg College is entitled to – given appropriate oversight – a direct
administrative role in the management of its College Lake watershed properties.
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Philosophical considerations aside, Lynchburg College’s involvement in the management
of College Lake could result in reduced residual costs and increased stakeholder value. Newig,
Günther, and Pahl-Wostl (2010) argue that the inclusion of unaffiliated network actors – in this
case, Lynchburg College – in administrative processes offers unique perspectives and resources
that improve the overall efficacy and efficiency of a government. As relevant property owners
and direct beneficiaries of this project, Lynchburg College and its local faculty offer crucial
foresight of stakeholder response, which could alleviate strategic uncertainties for the City of
Lynchburg. This perspective is vital, as the administration of environmental policy requires
creativity and breadth of knowledge in order to address the complexities of issues affecting
natural and human systems (Newig et al., 2010). Furthermore, Lynchburg College could moreeffectively addresses substantive uncertainties than contracted companies due to the academic
resources and human capital available to the College. Through the provision of internship,
independent study, or course credit, the College has the ability to utilize student labor in the
monitoring and maintenance of the College Lake basin while potentially accruing no additional
costs for the city. If the inclusion of Lynchburg College in the governance process provides
informed, zealous, and educational management of College Lake at a lower cost than otherwise
projected, then the City of Lynchburg should consider a public-private partnership with the
College to be a beneficial and outright logical pursuit.
Cost-Benefit Analyses and Final Recommendations
In order to most effectively explore the breadth of options available in a concise manner,
the final recommendations were based upon four options: Dam Rearmament A, or fortifying the
dam in order to satisfy mandates by the Virginia Department of Conservation and Recreation;
Dam Rearmament B, or fortifying the dam with additional restoration and management of on-site
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wetlands and streams to offset costs; Dam Removal A, or dam removal and basic lakebed
sediment stabilization in order to satisfy mandates; and Dam Removal B, or dam removal with
extensive lakebed restoration, implementation of a riparian wetland, and proper management of
other on-site wetlands and streams. Figure 14 provides a visual comparison of these four options,
with their respective benefits and costs inventoried in Tables 5 and 6 beneath. Further
explanations of costs and benefits can be found in Appendices B and C.

Figure 14. Comparison of the benefits, costs, and ultimate net costs of each management option
after ten years, assuming 5% interest rate over this time. Benefit estimates assume an average
carbon sequestration value and an average of $450 per stream mitigation credit allowance.
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Table 5. Comparison of enumerated benefits for dam rearmament and removal, each with or
without further management recommendations. Assumes an average stream credit value of $450.
Gross Benefit Estimates by Management Option
Management
Option
Dam
Rearmament
A
Dam
Rearmament
B
Dam
Removal A
Dam
Removal B

Dam Failure
Abatement
Benefit

Flood Risk
Mitigation
Benefit

Stream and
Wetlands
Credit Benefit

Carbon
Sequestration
Benefit

Upland
Preservation
Benefit

$0

$644,518

$0

$0

$0

$0

$715,034

$4,321,400

$50,519

$5,909,200

$1,413,327

$0

$0

$0

$0

$1,413,327

$141,697

$7,436,400

$101,526

$5,909,200

Table 6. Summation of the gross benefits listed in Table 5, subtracted from each option’s
projected costs to produce a final net cost comparison. Assumes stream credit value of $450.
Estimated Expenditures and Cost-Benefit Analyses
Management
Total
Construction
Option
Benefit
Costs
Dam
$644,518
$14,302,000
Rearmament A
Dam
$10,996,153 $14,302,000
Rearmament B
Dam Removal
$1,413,327
$7,959,000
A
Dam Removal
$15,002,150 $7,959,000
B

Recommendation
Costs

Total Cost

Total Net
Cost

$0

$14,302,000 $13,657,482

$2,630,850

$16,932,850 $5,936,697

$1,870,000

$9,829,000

$10,160,850

$18,119,850 $3,117,700

$8,415,673

The cost-benefit analyses indicate that none of the four management options produce a
net socioeconomic benefit. It is worth noting, though, that both ‘B’ options – those which include
management of the surrounding streams, wetlands, and upland properties in the area – produced
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a much greater benefit than their ‘A’ counter parts (Tables 4-6). Due to these massive benefits,
the offset costs left the final option – Dam Removal B – with the lowest total net cost out of all
four options by a margin of over one million dollars. Although none of these management
options are necessarily optimal due to their lack of a net benefit, Dam Removal B is the ideal
choice for satisfying the Virginia Department of Conservation Recreation through its provision
of the greatest social benefit at the overall lowest net cost.
Limitations and Further Research
Several aspects of this study ultimately impeded our ability to produce more accurate and
encompassing cost-benefit analyses. Lack of GIS data pertaining to flood events and dam failure
for downstream of College Lake produced a great deal of uncertainty in the analysis.
Considering that dam failure has a likeliness of occurring within a 25 year storm event alone,
relying on a 100 year probable maximum flood is excessive and far less relevant to risk-averse
decision makers. In further exploration of this topic, access to a 25 year floodplain and an
accompanying dam inundation floodplain for the same event would be much more beneficial
than its 100 year equivalent. The lack of clarity regarding the probability of dam failure after
rearmament presents another shortcoming in regards to dam failure risk analysis. Although URS
Corporation (2015) asserts that the fortified dam could withstand a 100 year storm event, a
percentage chance of failure would be necessary to provide an accurate benefit estimate. For the
purposes of this study, this shortcoming was ultimately inconsequential for the cost-benefit
analysis. Considering that Dam Removal B produces over 1.5 million dollars less in net costs
than Dam Rearmament B, a fortified dam incapable of failure would still result in higher net
costs than Dam Removal B.
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Opportunities for further research include an expansion of the ecosystem services
included in the value estimations for this study. A potentially important factor in determining the
relative benefits of dam rearmament and dam removal is their respective provisions for water
quality. Empirical data regarding the effect of the College Lake dam’s effluent storage on
downstream water quality as it compares to 20.9 acres of potential riparian wetland could be
coupled with studies that provide a marginal socioeconomic benefit of sediment loading
reduction to produce an additional dimension of analysis for comparing dam rearmament and
removal. Furthermore, surveys regarding the expressed aesthetic and recreational value of lakes
and riparian wetlands could be conducted locally to determine a willingness to pay for each
option’s social benefits. And although referenced briefly in this study as a component of the City
of Lynchburg’s willingness to pay for upland preservation, a valuation of wildlife habitat
preservation for both terrestrial and aquatic areas could be explored as well. Pursuing a wider
breadth of benefit considerations such as these could aid in justifying and possibly offsetting the
current net costs of each management option.
Given the necessary time and resources, the costs and benefits explored in this study
would maximize the incorporation of original data wherever possible. Rather than adjusting and
applying the findings of the Roanoke study to Lynchburg, the same methodology could be used
locally to produce original and more accurate CVM benefit estimations. An ideal cost-benefit
analysis would also utilize costs from an original conceptualization for lakebed management.
This would provide for further exploration into the relative flood risk mitigation benefits for
various types of wetlands and vegetation. Increased emphasis could be placed on the meandering
of the stream channel in an original conceptualization as well, rather than relying on what was
previously produced by URS Corporation (2015). Due to the interdisciplinary nature of this
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study, future collaboration with wetlands engineering specialists would be necessary to produce
a feasible alternative method of lakebed management. Incorporation of economists who
specialize in capturing non-market, ecological values could also prove beneficial in determining
the most accurate estimations of costs and benefits.
Conclusion
As the effects of climate change continue to intensify and proliferate instances of storms
and flood events, the integrity and longevity of our dated hydrological infrastructure must be
reexamined with great scrutiny. These same concerns apply to the College Lake dam, whose
reservoir conditions and structural stability are now imminently compromised by storm events
that are growing more frequent. Though dam rearmament may provide some degree of
immediate remedy to flood risk, the threats posed by a dam inundation scenario are most
effectively addressed by a full decommissioning of the structure. Pursuing this option would
drastically alter the hydrological conditions of the College Lake basin, presenting numerous
environmental management possibilities for the City of Lynchburg. In spite of the perception of
urbanization as antithetical to natural life, the existence of thriving, productive wetlands within
an urban setting is not only feasible but notably beneficial as well. This is particularly true for the
case of College Lake, so much so that the services provided by these ecosystems and the
willingness of others to pay for those services were found to be a determinant factor in justifying
the millions of dollars in management costs. As the owner of the College Lake property and a
beneficiary of the city’s decision regarding it, Lynchburg College is a key stakeholder whose
assistance in the administration of city policy could result in qualitatively valuable, cost-effective
management of the watershed. Numerous factors will vary in different instances, such as the
needs and services provided by ecosystems in the human context of cities that surround them. In
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spite of these differences, the network-based management solutions proposed by this study ought
to be pursued by other municipalities across the United States as the need for environmentallysound ecosystems within urban environments is consistent throughout.
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Appendix A: Enumeration and Value of College-Affiliated Upland Properties

Parcel Number

Street Address

Property Owner

Total Acreage

Land Value

03103001

1501 Lakeside Dr

Lynchburg College

99.17

$3,718,800

05714030

4704 Greenwood Dr

Lynchburg College

42.56

$127,500

05804030

1225 Shirley Rd

Lynchburg College

0.83

$5,300

05807001

1228 Shirley Rd

Lynchburg College

3.66

$4,200

05807002

1226 Shirley Rd

Lynchburg College

1.74

$5,200

16501001

1701 Lakeside Dr

Lynchburg College

86.28

$1,211,800

16508001

3700 Faculty Dr

Private

0.94

$33,000

16508002

3704 Faculty Dr

Private

0.61

$30,000

16508003

3708 Faculty Dr

Private

0.57

$30,000

16508004

3712 Faculty Dr

Private

0.58

$30,000

16508005

3800 Faculty Dr

Private

0.76

$30,000

16508006

3806 Faculty Dr

Lynchburg College

1.64

$45,000

16508008

3812 Faculty Dr

Private

0.74

$30,000

16508009

3816 Faculty Dr

Private

0.80

$30,000

16508010

3820 Faculty Dr

Lynchburg College

0.79

$30,000

16508011

3824 Faculty Dr

Private

0.72

$30,000

16508012

3828 Faculty Dr

Private

0.62

$30,000

16508013

3900 Faculty Dr

Private

0.62

$30,000

16508014

3904 Faculty Dr

Lynchburg College

0.46

$30,000

16508015

3908 Faculty Dr

Private

0.46

$30,000

16508016

3912 Faculty Dr

Private

0.89

$30,000

16508017

1601 Lakeside Dr

Lynchburg College

11.51

$288,400

Appendix B: Data Sourcing for Table 5
Management
Option
Dam
Rearmament
A
Dam
Rearmament
B
Dam
Removal A
Dam
Removal B

Dam Failure
Abatement
Benefit

Flood Risk
Mitigation
Benefit

Stream and
Wetlands
Credit Benefit

Carbon
Sequestration
Benefit

Upland
Preservation
Benefit

$0

$644,518

$0

$0

$0

$0

$715,034

$4,321,400

$50,519

$5,909,200

$1,413,327

$0

$0

$0

$0

$1,413,327

$141,697

$7,436,400

$101,526

$5,909,200

Dam Failure Abatement Benefit. Awarded to both Dam Removal options for their ability to
completely alleviate all risk of dam failure. See Figure 3 for benefit calculation.

Flood Risk Mitigation Benefit. Value expressed for Dam Rearmament A reflects the benefit
derived from the dam’s storage capacity as shown in Figure 7. Dam Rearmament B and Dam
Removal B were each awarded an additional $70,516 over their respective benefits in Figures 6
and 7 due to the 62.1 acre-feet of storage capacity provided by the 20.7 acres of on-site wetlands.

Stream and Wetlands Credit Benefit. Mitigation credits outlined in Tables 3 and 4 were awarded
to both Dam Rearmament B and Dam Removal B for their management of the on-site wetlands
and College Lake tributaries. Dam Removal B was awarded additional credits for its stream
restoration and wetland implementation within the lakebed (Table 2).

Carbon Sequestration Benefit. Per-acre carbon sequestration value estimates (Fig. 11) were
awarded to Dam Rearmament B and Dam Removal B, multiplied by the respective acreage of
wetlands that are managed in each option.

Upland Preservation Benefit. Awarded to Dam Rearmament B and Dam Removal B for their
preservation of the upland properties affiliated Lynchburg College. Value derived from the City
of Lynchburg’s expressed willingness to pay through the Land Use Deferral Program.

Appendix C: Data Sourcing for Table 6
Management
Total
Construction
Option
Benefit
Costs
Dam
$644,518
$14,302,000
Rearmament A
Dam
$10,996,153 $14,302,000
Rearmament B
Dam Removal
$1,413,327
$7,959,000
A
Dam Removal
$15,002,150 $7,959,000
B

Recommendation
Costs

Total Net
Cost

Total Cost

$0

$14,302,000 $13,657,482

$2,630,850

$16,932,850 $5,936,697

$1,870,000

$9,829,000

$10,160,850

$18,119,850 $3,117,700

$8,415,673

Total Benefit. A summation of each management option’s enumerated benefits in Table 5.

Construction Costs. Expenses related to dam fortification or highway embankment reversion as
estimated by URS Corporation (2015). Consistent regardless of further management.

Recommendation Costs. Dam Removal A and Dam Removal B each accrued their respective
costs of lakebed management as determined by URS Corporation (2015): $1,870,000 and
$7,530,000. Expenses related to on-site wetland and stream management as noted in Tables 3
and 4 were included for Dam Rearmament B and Dam Removal B as well.
Total Cost. The sum of each management option’s Construction and Recommendation costs.
Total Net Cost. Each management option’s Total Cost subtracted by its Total Benefit.

